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PREFACE

This paper was prepared under the Institute for Defense Analyses' 1992 Central

Research Program.

The purpose of the research reported on herein was fourfold: first, to create a
replication of the Battle of 73 Easting in the Janus(A) combat simulation; second, to
observe the results of this effort and report the measures necessary to calibrate the scenario
with reality; third, to gain insight into the model's ability to represent a variety of the more
extraordinary battlefield dynamics; fourth, to provide a scenario as a common background
for future users exploring the fields of doctrine, tactics, system parameters, and force
characteristics, as well as the question of Janus-SimNet interface.

The authors wish to thank Douglas Schultz, Dennis DeRiggi and Edward Kerlin for
their careful review of this work, and their helpful comments. We also wish to
acknowledge the professionalism, enduring willingness and good humor brought to this
task by our word and graphics processor, Bernie Aylor.
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I. INTRODUCTION

Late on the afternoon of 26 February 1991, during Operation Desert Storm, an

encounter took place between elements of the U.S. 2nd Armored Cavalry Regiment and

one Brigade of the Iraqi Republican Guard Tawakalna Division. The ensuing battle, now

widely known as the Battle of 73 Easting, was remarkable in a number of ways other than

the simple fact that it was the first major encounter in General H. Norman Schwarzkopf's

"Left Hook" single envelopment attack. It was the first significant combat employment of

U.S. Armored Cavalry units under concepts developed for mobile armored forces in the

last half of this Century. It took place on ground that, while it cannot quite be termed

"featureless," certainly was environmentally hostile desert terrain, unlike the hilly, wooded

uplands of Central Europe where U.S. Armored Cavalry units had spent their time in the

past. Weather conditions, too, played a large role. High winds filled the air with clouds of

sand and moisture, reducing visibility and limiting the use of helicopters and tactical fixed-

wing air support. And it involved an attack by U.S. forces against a numerically superior

opponent. Under these conditions, U.S. technological advantages became increasingly

important.

To concentrate on the direct effect of technology in battle under these conditions,

however, would be to miss several vital points. For example, the soldiers and their leaders

have been quick to point out that they are part of the best trained, best prepared army their

country has ever put into the field. While such superlatives are of little utility in evaluating

the results of investigations such as the one on which we report here, we need to note their

confidence in their ability to use technology under rapidly changing battlefield dynamics

which these comments reflect. This confidence stemmed from their experience in dealing

with simulated combat situations presented in numerous training exercises at places such as

the National Training Center and, for leaders, in working through scenarios in a variety of

simulations.

One must say that Advanced Distributed Simulation Technology (ADST) generally

has provided a means for taking a large step forward in this regard, particularly if a system

such as SimNet is used in conjunction with other simulations, the utility of which is

currently established.
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The progress which these developments represent should permit members of the

armed services of this country to experience many of the vagaries of combat in a near
virtual mode without the risk and expense (human as well as fiscal) normally associated

with battle and preparation for it. We should be able to prepare future generations of

soldiers, airmen, sailors and marines to an extent as yet unforeseen.

In the case of 73 Easting, however, ADST has provided means, method and

stimulus for another activity which would appear to offer potential for pay-off far in excess

of the investment made in it: that is, the collection of data from the field of battle
immediately following the event for the purpose of creating an after-action battle

replication. The results of this endeavor, culminating in the SimNet 73 Easting Battle Re-

creation, are becoming widely appreciated. It was the existence of these data, as well as the
potential for tapping the experience of those who used it as a basis for the SimNet re-

creation, that led us to ask why we should not replicate this event using another medium,
such as the Janus Combat Simulation, to seek insight into battle replication; into the utility
of the Janus simulation; into the Battle of 73 Easting itself; and finally into the potential for

relating Janus Conflict Simulation to ADST.I

At the same time, we would seem to commit a grave error were we to allow ourselves to believe that a
single human-devised concept, revolutionary as it may seem, can provide all the experiential
phenomena needed to appreciate, visualize and prepare for future crises. On one level, for example, we
should not expect to use this system to teach the loader in a tank crew what it is like to reload the main
gun while the vehicle moves rapidly across rough terrain. Likewise, one is aware that a commander or
staff officer - or an analyst - prepares an operational concept not by plotting moves of individual
tanks and aircraft, but by conceptualizing the operation at some level of abstraction. There are locii and
times when great detail is desirable and necessary, but the reverse is also true. At such times,
simulation tools that assist the human mind in the conceptualization process provide not only a
desirable, but an essential, element to the planner, operator and analyst. The same statement should be
made in favor of tools that provide means for rapid, after-action retrieval of data which may be used to
quantify and analyze results; or for those tools that facilitate economies of time and human effort in
replication of simulation tasks. Janus and the associated series of conflict simulations provide such an
element.
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II. APPROACH

A. PURPOSE

Our purpose in performing this work was founded on four ideas. First, we
believed that the Battle of 73 Easting, the data collection effort that followed, and the
subsequent re-creation of the battle in SimNet provided a unique opportunity to calibrate
Janus with reality, and with SimNet. Second, while we did not intend that the results of
this activity would be used to "verify" any version of the Janus model, we did believe that
we would be able to gain some insight into the Janus model's ability to deal with a variety
of the more extraordinary battlefield dynamics and permit observation of areas where model
improvement recommendations could be formulated. Third, given that some future activity
would take place in the area of creating a Janus-SimNet interface, we believed that the
creation of a Janus 73 Easting scenario, in conjunction with the existing 73 Easting re-
creation in SimNet, would provide a common background for those activities. And finally,
we believed that such a scenario, preserved and made available to other potential users in

the future, would permit excursions into the "what-if' realm where changes in doctrine,
tactics, system parameters and armed force characteristics could be postulated and

evaluated.

Additionally, we became aware of the interest of other organizations in performance
of like tasks, and we resolved to investigate the opportunity for cooperative efforts.
Therefore, we contacted The United States Military Academy at West Point, New York
(USMA); The U.S. Army TRADOC Analysis Command activity at White Sands, New
Mexico (TRAC-WSMR); and the Combat Simulation Laboratory of Lawrence Livermore
National Laboratories (LLNL), Livermore, California to determine the level of interest in
some type of cooperative or combined effort.

Authorities at LLNL, while expressing interest, had to decline participation on a
basis of lack of available assets, both personnel and funding. TRAC-WSMR expressed
limited interest, in that they had put together a 73 Easting scenario based entirely on open
sources and they wanted access to the SimNet data. Major George Stone of the Department

of Systems Engineering at USMA agreed to a cooperative concept, wherein they would
provide two personnel for one week at the IDA facility to assist in the development of the
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Janus 73 Easting scenario from the SimNet database, and thereafter to participate in a

program rf results comparison. They also offered the digitized terrain database for

Janus •A), which they had already obtained from TRAC-WSMR.

Our professed purpose, then, was:

"* To create, as accurately as possible, a portrayal of the Battle of 73 Easting in
Janus(A) (Army).

" To use for this activity the same data from which the battle was re-created in
SimNet. The digitized Janus(A) version of the same terrain common to both
the historical battle and the SiniNet re-creation also would be used.

To discover and define factors important to battle outcome, simulated and
historical, including human factors.

To assess our Janus performance vis-a-vis other 73 Easting efforts.

It is important to note that IDA has available both major versions of the Janus

model, Janus(A) and Janus(L), as well as the Janus-like model UCCATS (Urban Combat

Computer Assisted Training System). Given that the funding level for this task would

permit creation of a 73 Easting scenario in only one model, Janus(A) was chosen because it

was the model available to other organizations engaged in 73 Easting simulations. We also

believe that we will be able to move the scenario from Janus(A) data files to Janus(L)

scenario files with relative ease, as opposed to the opposite process. UCCATS was not a

contender because it was not available when we began this project.

B. METHODOLOGY

We approached this task with a clear idea of what was to be our methodology. It

was to consist of the following steps:

"* Create a 73 Easting scenario in Janus(A), using the SimNet 73 Easting re-
creation data and the same terrain, digitized and formatted for use in Janus.

"* Perform initial simulation runs, noting anomalous model dynamics or
behavior.

* Introduce and record changes to data and the values set for model performance
parameters, and thereby,

• Bring base case results into fine with historical battle outcome.

* Formulate and conduct excursions, based on observation of the initial
simulation efforts.

* Perform comparative analyses of simulation results as a basis for conclusions.
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The battlefield data were obtained through the IDA Simulation Center from Illusion

Engineering, Inc., a California firm responsible for compiling and "scrubbing" the data

after collection from the battlefield, and before application in SimNet. Illusion Engineering

also was responsible for entering changes into the database based on the the SimNet

scenario building process, wherein battle participants were shown the re-creation and were

interviewed in conjunction with the viewing. Inconsistencies discovered during this

process were resolved to as great a degree as possible, and the database appropriately

revised. These data, which held position, movement and orientation information by time

period. were provided in printed paper form, and needed to be entered manually, there

being no automated method of entering such data into a Janus(A) scenario. For those who

are not familiar with Janus scenario construction, a few words about this process will be
found in the following chapter.
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III. SIMULATION EFFORTS

A. JANUS BATTLE REPRESENTATION

Janus(A) is a two-sided, brigade-level, interactive combat simulation, with weapon

system representation at the single item level, and was therefore a good candidate for the

type of task we visualized. We could have adopted Janus(L) for this purpose with equal

facility, and we hope to move the scenarios we have produced for this task to that model
when funding and time permit in the future. A similar future effort involving UCCATS

would then permit a four-way comparison between results from these three models with
those of a SimNet Semi-Automated Forces (SAFOR) excursion.

While there are on-going efforts to convert various versions of Janus so that they

are capable of being run under different forms of UNIX operating systems on a variety of

hardware, the Janus version used for this task was of the original type. Specifically, we

had access to Janus(A) version 2.0, instead of the later 2.1 version of the model used in

other 73 Easting replication efforts (e.g., TRAC-WSMR and USMA). These models are
designed to run on any DEC VAX computer, with high resolution graphics being displayed

on Tektronix 4225 Workstations. While this arrangement does not fit the current definition

for distributed simulation, it does qualify as being "partially distributed" in that the

graphics computation and operator interactivity occur at the Tektronix workstation, which

has its own CPU. The combat and associated calculations are performed on the VAX,

under the VMS operating system, a multi-tasking and multi-user system in its own right.

Creating a Janus scenario involves assembling a number of computer files

containing the terrain, symbol, combat system, lethality, and force definition data which

define the combat environment and forces that will oppose each other. The combat

elements are then displayed on the Tektronix screen, with between one and fifteen items

being assigned to a display icon, which are given "orders" by the operator in the form of a

system of movement tracks and time nodes. These instructions are applied through the use

of a digitizing tablet. Other scenario-specific data are applied at this stage as well, e.g.,

vehicle or weapon orientation, firing fans, and unit array orientation if more than a single

item is being represented by a screen icon. In this task, icons represent single weapon

systems, that is, a single tank, artillery piece, etc. With each icon being able to hold up to
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fifteen similar items, each icon could represent up to about a company of military
equipment

Initially, we used the data obtained from Illusion Engineering to create the files
described above, and then, in conjunction with the two USMA personnel who came to
IDA, we created the movement tracks for each of the icons representing each piece of 2nd
ACR equipment which participated in the battle. Likewise for each piece of equipment
belonging to the Iraqi Tawakalna Division which had been observed on the battlefield, the
position and orientation of the weapons were plotted. Additionally, artillery and mortar
fires which had been noted were added to the scenario.

In spite of the great effort that had been dedicated toward eliminating obvious
contradiction, missing items, and erroneous data, some anomalies still existed. For
example, there is still some question concerning how many of the destroyed tanks whose
positions were recorded actually had been destroyed by air prior to penetration of the U.S.

ground forces into the area. While it has been agreed that there were at least three air kills,
exactly which of the destroyed T-72s fall into this category remains somewhat of a
mystery.

Additionally, it has become generally known that in the 73 Easting Battle, Iraqi
armored vehicle fighting positions were not "dug-in" as we normally think of that concept.
They were, instead, protected by a berm which had been scraped up in front and to the
sides of the vehicles, and consisted of loosely packed earth and sand. Such positions
provided more concealment than protection. When this was discovered by commanders of
U.S. tanks and vehicles equipped with TOW, they began to fire at the berms as soon as
they were detected. This resulted in a number of kills where vehicles were not detected
until they exploded or burned behind the berm. At the same time, a significant number of
berms concealed no vehicles. How many of these empty positions were engaged with how
many rounds, and their exact locations, is something that is only a matter of estimation.

Two final concerns remain. These revolve around the question of the role played
by dismounted infantry employing shoulder-fired anti-tank weapons, and how many Iraqi
vehicles were destroyed during the minor efforts amounting to counterattack toward the end
of the day. No accurate information was available to quantify these efforts, with the result
that the analysts were required to make assumptions with respect to these numbers.

7



B. SCENARIO: BASE CASE AND EXCURSIONS

The major effort of this project was to create a base case scenario on Janus matched

as closely as possible to the historical battle. We begin here by describing the base case

scenario and the way in which it was constructed. Despite the efforts of Illusion

Engineering, IDA, and others, a number of uncertainties regarding the battle itself remain.

We will describe how these uncertainties were dealt with in the scenario below, as well as

point out discrepancies between our scenario and other efforts to simulate 73 Easting. A

description of the general operational context within which the battl: was fought is

presented as Appendix A.

1. Base Case Scenario (Figure III-1)

The Iraqi Republican Guard brigade was generally arrayed along a north-south line,

between 69 and 75 Easting, in approximately three defensive positions. One position was

* in the north portion of the battlefield, between the 10 and 07 Northing lines. A second,

smaller position was established slightly to the south, between the 04 and 05 Northing

lines.2 The third, and largest, defensive line stretched for nearly four kilometers, centered

just to the east of a small village or cantonment (located along the line dividing Eagle and

Iron's sectors at the 01 Northing line). Dismounted forces were located in and around this

cantonment. A few vehicles and dismounted units were arrayed in front of these defensive

positions, intended, perhaps, to act as scouts.

Three troops of the 2nd ACR participated in the Battle of 73 Easting: Ghost, Eagle,

* and Iron troops, arrayed from north to south. These troops, although near to one another,

fought separate, uncoordinated battles against the Iraqi brigade. Ghost troop raced on-line

across the desert from west to east. The troop halted, having detected the Iraqi defensive
position in the north, about one kilometer away from this position. With the remainder of

the troop in support, one platoon of tanks passed through the troop's lines to engage this

Iraqi force.

Eagle, also moving rapidly to the east, swung around the northern edge of the

cantonment along its right flank, receiving fire from scattered dismounted forces in the

0 area. The troop then plunged south-southeast about one kilometer, where it ran into the

2 This position contains the majority of the disputed air kills. TRAC-WSMR, in its 73 Easting study,
claimed that all vehicles located within this area had been killed by air-delivered weapons prior to the start
of the ground battle. We have seen no evidence to back up this claim, so all these vehicles were
considered "live" at the start of the ground battle in our scenario.

8
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Iraqi defensive line located there. The troop quickly swept through this position on a
northeasterly heading, and soon made contact with the Iraqi defenses in the center.

0 I

10
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E /2/2

E,) 2/2 _(
00o 1/2 -

S~cantonm.rnt'
Area

)1 /3/2I

95 -
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* Approximate Battalion positions, 18th Brigade,

Tawakalna Division, 1530 hrs, 26 Feb 91.

Figure I11-1. 73 Easting Battle Area Sketch Map
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Iron troop, again moving from west to east, attacked more slowly, remaining

several kilometers behind Eagle throughout the battle. After taking fire from the area

around the southern portion of the cantonment, the troop drove directly into the southern

Iraqi position recently attacked by Eagle.

The three U.S. ACR troops contained a total of 28 M-1A1 tanks and 37 Bradley

fighting vehicles. In addition, each troop possessed a combat train, one FIST-V fire

support vehicle, and two 4.2" mounted mortars.

Ghost Troop Eagle Troop Iron Troop

9 M-1A1 IOM-1A1 3  9 M-1A14

12 Bradleys 12 Bradleys 13 Bradleys5

1 FIST-V 1 FIST-V 1 FIST-V
1 COLT 2 x 4.2" Mortars 2 x 4.2" Mortars
2 x 4.2" Mortars Combat Train Combat Train
Combat Train

To match the reported U.S. artillery missions during the battle, two batteries of artillery (a

total of 16 pieces) and a single MLRS launcher were added to the Janus scenario on the

U.S side.

Although the three troops in the actual battle were equipped with the newest M-2

Bradley vehicle, the M-2A2, and only a handful of M-3s, we were forced to make all the

Bradleys in our scenario the M-3 version. This substitution was necessary as we had no

access to data on the M-2A2's combat characteristics for insertion into the Janus combat

data files. While the M-2A2 provides greater protection against incoming rounds than the

M-3, we felt that the substitution would make little difference given the relatively crude

nature of some of the combat data provided for this project on Janus(A) 6 Furthermore, the

absence of reactive armor on Iraqi tanks permitted us to substitute the TOW-2 anti-tank

missile (for which data were available on Janus) for the M-2A2's new tandem-warhead

3 Includes a tank occupied by the 2nd ACR's Sgt Major, although this tank did not participate in the
engagement.

4 Includes a tank occupied by the 2nd Squadron S-3.
5 Includes an M-3 occupied by the troop commander, Cpt Miller, whose own command tank threw a tack

prior to the battle.
6 More accurate combat data for Janus(A), in particular, probabilities of hit and kill for various weapons

against a variety of targets, have been derived under the direction of TRAC-WSMR. Unfortunately, we
were unable to obtain these data in time for this study.
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II

TOW-2A (for which no data were available). As in the actual battle, M- Is and M-3s were

provided with thermal sensors; all other U.S. vehicles were equipped with optical sensors.

Based upon material presented by Illusion Engineering, Iraqi equipment holdings

were as follows:

55 T-72 Tanks 3 T-55 Tanks
33 BMP-1 APCs 1 BTR-70 APC

1 M-113 APC 9 MTLB Command Vehicles
2 SA- 13 Air Defense Missiles 7 ZSU-23-4 Air Defense Guns

12 152mm Towed Artillery 7 81ram dismounted mortars
1 ACRV Command Vehicle 1 Ambulance
1 BAT-M Earth Mover 2 POL Trucks
4 Utility Trucks 4 Cargo Trucks

Note that the Iraqi brigade possessed nearly 50 percent more armored fighting

vehicles than did the U.S. cavalry regiment (91 versus 65). As in the actual battle, the

BMP-ls were armed only with 73mm guns. Sanger anti-tank missiles, with which BMP-

ls are typically armed, were not observed on the Iraqi BMPs during 73 Easting, although

the rails for the weapons frequently were present.7 For the base case, all Iraqi vehicles

were equipped with optical sensors, again in line with the actual battle situation.

Although there have been reports that some Iraqi vehicles were unmanned or killed

by air-delivered weapons prior to the start of the battle, the number and location of these
vehicles is unknown. For the Janus scenario we assumed that all Iraqi vehicles were
manned and in fighting condition prior to the start of the ground engagements. Also,

owing to the lack of reliable data, no Iraqi counterattacks were staged during the scenario.

There were a number of dismounted Iraqi soldiers present during the actual battle,

although their exact number, type, position, and significance are matters of dispute.
Nonetheless, through a variety of sources, we were able to put together a credible

dismounted force for our scenario. First, based upon interviews with U.S. participants,
Illusion Engineering derived preliminary positional data for some Iraqi dismounted

infantry. Unfortunately, no details of the armament carried by these soldiers were included

in these data. Their numbers suggested, however, that they might have constituted one

0 motorized rifle company plus one motorized rifle platoon. We assumed, therefore, infantry

armament totals appropriate for such a force, i.e.:

7 Interview with S-3 2nd ACR and S-3 3rd spin2nd ACR (during Desert Storm), 9 April 1992.

11
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13 x RPG-7 rocket-propelled grenades
24 x 7.62mm light machine guns

4 x 12.7mm heavy machine guns
100 x riflemen.

The Illusion Engineering data also indicated that dismounted troops were organized

into teams of three soldiers each. This led us to assume further that, with one group of

exceptions, each RPG and machine gun was accompanied by two riflemen apiece, with
excess riflemen organized into homogeneous three-man rifle teams. The exceptions to this
three-man rule were the six RPGs reported by Illusion Engineering to be stationed within
the southern half of the cantonment. Finally, because accounts indicated that RPG fire was
also received by U.S. vehicles from the northern portion of the cantonment, we added six

additional RPGs (not included in the Illusion Engineering data) to the Iraqi forces, for a
total of 19 RPG-7s and 147 dismounted soldiers. 8 Again, all Iraqi dismointed forces were

equipped solely with optical sensors.

There also were a number of unoccupied berms scattered across the battlefield.
Although their exact number remains uncertain, we were able to position some of these

berms, based upon SimNet and Illusion Engineer data. A total of 21 such empty berms, or
false targets, were included on the Iraqi side in our scenario.

Sillusion Engineering furnished us with data sets containing the movement tracks for

2nd ACR vehicles at particular times over a six-hour period, as well as the position of
individual Iraqi vehicles and dismounted soldiers, all with an accuracy of one meter.
Movement and position nodes were subsequently put into our Janus scenario with an

I accuracy of about ±5 meters.9 U.S. movement tracks were arranged in such a manner that,
with a handful of exceptions, each vehicle was at its correct location at the recorded time.

The illusion Engineering data also included the hull angle (and in few cases turret

angles) of many of the Iraqi vehicles, down to a one degree level of accuracy. These hull
(or turret) angles were used in our scenario to orient the sensor fans of the Iraqi vehicles,

8 On Eagle receiving fire from the cantonment, see Col. Michael D. Krause, "The Battle of 73 Easting, 26
February 1991: A Historical Introduction to a Simulation," draft (US Army Center of Military History
and DARPA, 2 May 1991). The TRAC-WSMR 73 Easting replication doubled the size of the
dismounted force, to 310 soldiers, based upon the number of personnel carriers present on the battlefield.
Janus Gaming Division, TRAC-WSMR, "The Battle of 73 Easting" briefing slides, 30 March 1992.

9 In undertaking this task, one requiring accuracies at such small scales, an anomaly was noted in Janus(A)
2.0: In theory, vehicles can be placed within five meters of their true position, 10 meters being the
smallest interval possible in Janus(A). Unfortunately, the 100-meter grid squares can vary by + 10 meters
on a side; Le., some squares are 100 meters by 100 meters, while others are 110 meters by 100 meters or
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with an accuracy of ±5 degrees. Where these data were unavailable, we assumed that the

vehicle was oriented due west, the general direction of the 2nd ACR attack. Interestingly,

although the hull angles ranged across the compass, the majority of these angles were 20 to

60 degrees either side of due west, as shown in Figure I11-2.10

Most of the battle was fought in the midst of a severe rain and sand storm. As a

result, visibility in the optical range was generally limited from 600 to 400 meters, and

occasionally dropped as low as 100 meters.11 Thermal visibility, on the other hand, was

as great as 1500 meters or more. While weather conditions analogous to the rain/sand

storm conditions of 73 Easting have been developed by TRAC-WSMR for Janus(A), we

discovered that the relevant weather parameters would not run on the 2.0 version of the

model.

As a result, we had to derive our own means for simulating these conditions. To
do so, we chose a Janus-provided weather option ("3-kilometers visibility, clear day"

option) which gave the appropriate maximum values for thermal sensor ranges.
Meanwhile, we limited the maximum range of all optical sensors, a parameter accessible in

the Janus combat data file, to 400 meters. We recognize that, although the thermal and the

optical sensor ranges appear to approximate conditions described on the actual battlefield,
* this approximation may not completely replicate the full sensor acquisition versus range

profiles, especially given the artificial 400-meter optical cut-off. We hope that this can be

improved upon through the use of the TRAC-WSMR weather parameters in Janus(A)

version 2.1. Nonetheless, as will be seen shortly, our results agree fairly well with the

historical battle results.

100 meters by 110 meters. This variation limits the accuracy with which units can be placed on the
terrain map.

10 Several hypotheses have been advanced for the unusual orientation of the Iraqi vehicles. Some have
suggested that the Iraqi forces were simply caught by surprise, unprepared for a U.S. attack, and
consequently out of position. To back this interpretation, they cite that interrogations of captured Iraqi
officers suggest that the Iraqis felt an attack across the open desert in the very poor weather conditions
present was highly unlikely. Alternatively, these orientations may have been caused by the nature of the
berms: their height often making it impossible for vehicles to fire directly over them. It also has been
suggested that this orientation may have been intentional, with the Iraqis hoping to limit engagements to

* flank attacks against U.S. vehicles at short range.
11 Interview with S-3 2nd ACR and S-3 3rd sqn/2nd ACR, 9 April 1992.
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Finally, we must add one other note of caution regarding the base case and

subsequent excursions: Due to the way in which Janus(A) deals with stationary vehicles,

both stationary U.S. vehicles and Iraqi vehicles behind berms were provided more

protection than likely was the case in the actual battle. The Iraqi vehicles were in a partial

defilade mode, meaning that only their turrets (approximately 30 percent of the vehicle)

were exposed to U.S. sensors and direct fire weapons. In reality, the Iraqi vehicles were

likely much more vulnerable than this behind their berms. Likewise, if U.S. vehicles were

stationary for more than 30 seconds in the simulation, they too went into partial defilade. It

is unlikely that U.S. vehicles would have been fortunate enough to find some cover before

stopping. Unfortunately, to re-create this situation with greater fidelity requires that Janus

be "tricked" into leaving vehicles exposed. While an extensive examination was not

undertaken, tests of the 73 Easting scenario with vehicles exposed on both sides suggests

little difference in the battle results. 12

2. Excursions

Having constructed the base case scenario and confirmed some correlation between

the results of the historical battle and the Janus(A) simulation, we developed a set of

excursions intended both to illustrate some of the capability of Janus(A) and to begin

testing a set of preliminary hypotheses regarding battle dynamics. These tests are far from

exhaustive. Much work remains to be done; but the tests do suggest some interesting

tentative observations.

The first excursion was developed to examine the effects of Iraqi defensive tactics

on the battle outcome; in particular, the effect of the Iraqi vehicle orientations. Perhaps, a

better, or more organized, individual vehicle positioning (i.e., all vehicles oriented in the

direction of the U.S. attack) would have resulted in an outcome more advantageous to the

Iraqis. To test this, all Iraqi vehicles were reoriented to face due west, the general direction

of the 2nd ACR attack. All other parameters, including sensor types and weather were held

constant.

A second excursion was formed to examine the effects of the weather on the

simulated battle outcome. Were the observed results dependent upon limited visibility

12 In undertaking this test, we discovered another anomaly of Janus(A): If a vehicle only moves 10 meters,
the smallest movement possible in Janus, it never leaves the partial defilade state. In effect, the vehicle
moves the 10 meters under cover. A vehicle must move 20 or more meters before it becomes fully
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conditions due to weather? To test this, we chose the Janus-supplied "5-kilometer, clear
day" weather option. We then set sensor parameters so that the range of both thermal and
optical sensors were limited only by the weather conditions (i.e., the maximum range for
both types sensors was set to five kilometers). Both the historical and "westerly" Iraqi
vehicle orientations were examined. Again, all other parameters, including U.S. and Iraqi
battle tactics, were held constant.

A third set of excursions examined the effects of U.S. superiority in sensor

technology, embodied in the thermal sensors, on the battle's outcome. Specifically, did
U.S. technological superiority in this area heavily influence the battle results? Here, we
returned to the original, poor weather conditions, and reset the optical sensors to the 400-

meter maximum detection range limit. But now, technological parity was created by

equipping both U.S. and Iraqi vehicles with thermal sensors, limited only by the "3-
kilometer, clear day" weather conditions. Again, both the historical and "westerly" Iraqi

vehicle orientations were examined, and all other parameters were held constant.
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